Two well known extended supersymmetric models, Z ′ models and NMSSM, are comparatively analyzed in the limit of large trilinear Higgs couplings. The two models are found to have distinguishable Higgs spectra at both tree-and loop-levels. Higgs production through Bjorken processes at an e + e − collider is shown to discriminate between the two models.
I. INTRODUCTION
A proper understanding of the basic mechanism of the electroweak symmetry breaking is one of the central problems in particle physics. If the fundamental particles are to remain weakly interacting up to high energies the symmetry breaking sector of the model should contain one or more scalar Higgs bosons with masses of the order of weak scale ∼ G −1/2 F . The simplest mechanism for the breaking of the electroweak symmetry is realized in the SM where one scalar field remains in the spectrum, manifesting itself as the physical Higgs particle H. Though the scalar sector of the SM is simple enough to predict just one Higgs boson, it has been criticized from various theoretical aspects, the most common of which is the quadratic divergence of the Higgs mass. This naturalness problem has triggered the study of supersymmetric models. MSSM, being the simplest of such models, lacks an explanation for the origin and scale of the bilinear Higgs coupling mass, which is commonly known as the µ problem. In connection with this last point, extended supersymmetric models, in which bilinear Higgs coupling mass µ is related to the vacuum expectation value of some SM gauge singlet, have been proposed. In these extended models, one extends either merely the Higgs sector (NMSSM) [1] , or both Higgs sector and the SM gauge group (Z ′ models) [2, 3] , and these generally lead to a larger Higgs spectrum.Thus, in accelerator searches of the Higgs, even if detected, it will still be a challenging issue to determine what kind of model it implies. Consequently, it is desirable to investigate the possibility of discriminating between these models given that some spectrum of Higgs particles are observed at some (e + e − ) collider. High precision electroweak data indicate a preference for Higgs boson to have a mass within a factor of 2 or so of 140 GeV [4] . However, weak (logarithmic) dependence of the theoretical predictions on the Higgs boson mass as well as the intrinsic uncertainities in the electroweak observables prevent to derive stringent predictions for the Higgs mass, and literally almost entire SM Higgs boson range (up to ∼ 1 TeV) must be swept for the Higgs search [5] . From the direct searches, four LEP experiments put the lower bound of 77 GeV for the Higgs mass [6] . The dominant production mechanism for Higgs boson within the LEP2 reach is the Higgs strahlung process, e + e − → ZH, in which Higgs boson is emitted from a virtual Z line. This process has already been analyzed in SM [7] and MSSM [8] , including the radiative corrections. One notes that for ν eνe and e + e − in the final state, fusion process where Higgs boson is formed in W W and ZZ t-cahnnel collisions will interfere with the Higgs-strahlung amplitude.
In this work we analyze NMSSM and Z ′ models comparatively with particular emphasis on their CP-even Higgs spectra. To have direct effects of these particles at the weak scale one demands the gauge singlet scalar to have a vacuum expectation value (VEV) around the weak scale. Such a breaking scheme leading relatively light particles (including the Z ′ boson itself) has already been shown to exist in Z ′ models [2] . This occurs when the trilinear coupling of the Higgs doublets and the singlet in the soft supersymmetry breaking terms becomes large compared to the soft masses, and leads to appoximately eaqual VEV's for both doublets and the singlet. This type of vacuum state satisfies the existing constraints on the mixing between the Z 0 and Z ′ , and produces a spectrum of scalars at the weak scale. However, in NMSSM such Higgs trilinear coupling driven minima, though can exist, are not required by some phenomenological requirement [1] as in the Z ′ models [2] . In Z ′ models for singlet to have large VEV one needs the singlet mass-squared be large negative.
In NMSSM, in addition to this mechanism, one can allow for the singlet trilinear coupling to be large negative to have a large singlet VEV. The opposite limit, namely, the requirement of having both singlet and the doublet VEV's be around the weak scale could be satisfied by choosing the mass-squareds of the Higgs fields appropriately, in particular, letting them be sufficiently larger than both singlet cubic coupling and Higgs trilinear coupling, in absolute magnitude. However,this requirement can be met also by choosing Higgs trilinear coupling large enough compared to soft masses and singlet cubic coupling. In this work we will perform a comparative study of NMSSM and Z ′ models in the same kind of minimum induced by the relatively large values of the Higgs trilinear coupling. In particular, we dicuss the CP-even spectra, and investigate their collider signature, both at tree-and loop-levels, by analyzing the Higgs production by Bjorken processes.
In Sec.2 we derive the couplings and masses of the scalars, and specify all of the relevant properties of NMSSM and Z ′ models. We also discuss vacuum stability and scalar spectrum against radiative corrections.
In Sec.3 we give a comparative discussion of the electron-positron annihilation to fourfermion final states through Higgs-strahlung in both NMSSM and Z ′ models with reference to the corresponding SM expressions.
In Sec. 4 we conclude the work.
II. SCALAR SECTORS OF NMSSM AND Z ′ MODELS
We consider a supersymmetric model whose scalar sector consists of two Higgs doubletŝ H 1 ,Ĥ 2 , and a SM-singletŜ. NMSSM is such a supersymmetric model whose scalar sector is spanned by these fields, and gauge symmetry is exactly that of the MSSM. In fact, it is specified by the superpotential
where contributions of all fermions but the top quark are neglected as they are much lighter. HereQ andÛ c are left-handed SU(2) doublet and singlet quark superfields. The cubic term in (1) is necessary to avoid the unwanted Peccei-Quinn symmetry. However, superpotential has still a Z 3 symmetry which, when spontaneously broken, causes serious problems about domain walls [9] . This problem can be avoided by the addition of non-renormalizable terms of the form (Ŝ/M P ) nŜĤ 1 ·Ĥ 2 if gravity violates the Z 3 symmetry [10] . Despite these problems, the superpotential (1) is sufficient to understand the basic implications of NMSSM for particle physics applications.
Besides NMSSM, Z ′ models, which are those models having a low-energy supersymmetric extra U(1) factor, have also an extended scalar sector compared to MSSM. Unlike NMSSM, these models are devoid of such cosmological problems, and are predicted in string compactifications and E(6) GUT's [2, 3, 11] . In Z ′ models, not only the scalar sector but also the gauge sector is extended by an extra U(1) factor with the coupling g Y ′ . Consequently, all fields are charged under this group, and we make the charge assignment Q 1 , Q 2 , Q S , Q Q and Q U forĤ 1 ,Ĥ 2 ,Ŝ,Q, andÛ c , respectively. In this case, superpotential is given by
where a cubic term is forbidden due to the extra Abelian group factor. Formally, one can obtain this superpotential by setting k s = 0 in (1) . Altough the superpotentials (1) andDiagonalization of (M 2 ) Z−Z ′ leads to mass-eigenstates Z 1 and Z 2 with masses M Z 1 and M Z 2 , respectively. The Z − Z ′ mixing angle forms the mere sign of Z ′ models in LEP Z-pole data and, in fact, in this way it is constrained to be < ∼ 10 −3 [2] . Actually the way θ enters the LEP Z-pole observables can be seen through the Z 1 ff couplings. For a fermion f , we define
where I f 3 is the third component of the weak isospin, and Q f em is the electric charge. Then coupling of Z i to a fermion line is given by the lagrangean
where vector coupling g (i)
V and axial coupling g
A are listed in Table II for Z ′ models. One notices that g
V depends on the sum of the extra U(1) charges of the left handed fermion doublet and right handed SU (2) singlet, that is, Q f L +Q f R . Due to the gauge invariance of the superpotential this sum equals minus the extra U(1) charge of the associated Higgs doublet. Hence it is not possible to implement the leptophobic Z ′ models though it is required by the high energy precision data. Nevertheless, this problem can be sidestepped if lepton charges under extra U(1) group vanish, and there is no trilinear mass term in the superpotential for leptons, that is, they acquire masses through the non-renormalizable interactions as all light quarks are supposed to do [15] . Thus we rectrict our attention particularly to the top Yukawa coupling given in the superpotential (2) . Unlike the vector couplings, axial couplings depend on the difference between the extra U(1) charges of the doublet and SU(2)-singlet fermions. Needless to say, in the limit of small mixing angles, Z 1 ff couplings approach the corresponding SM ones. In NMSSM, one has only the standard Z boson whose couplings can be obtained by setting g (2) V,A = 0, g Y ′ = 0, and θ = 0 in Table II . NMSSM couplings can be compared with the results of [1] .
B. Couplings of Vector Bosons to CP-even Higgs Bosons
After obtaining the couplings of vector bosons to fermions, now we turn to the discussion of CP-even Higgs-vector boson couplings which are of fundamental importance in discussing the Higgs production through the Higgs-strahlung type processes. Evaluation of the couplings of Higgs bosons to vector bosons requires the minimization of the potential (3) after which one obtains the physical particle spectrum together with the necessary diagonalizing matrices. Each of the models under concern has its own phenomenological constraints to be satisfied. As discussed in the Introduction, in case of NMSSM, one should prevent the occurance of a pseudoscalar Golstone mode, which can easily be satisfied for non-vanishing k s A k . In case of Z ′ models, however, one has stringent constraints on the possible vacuum state, that is, the Z − Z ′ mixing angle (9) should be < ∼ 10 −3 [2] , and Z ′ mass must be > ∼ 600 GeV, as required by the recent Tevatron direct search with leptonic final states [12] . As long as one considers the case of leptophobic Z ′ in accord with the LEP Z-pole data, this latter condition can be relaxed. However, the former one is a non-trivial condition on the possible vacua of Z ′ models. In the next section we shall analyze the relevant vacuum state of the two models in detail.
For the models under concern to have spectacular effects at LEP2 and NLC energies, breaking scale of the supersymmetry is expected to be around the weak scale. Indeed, when the supersymmetry is broken above ∼ TeV, at the weak scale one ends up with an effective 2HDM [13, 14] which carry only an indirect information about the underlying model. Thus, in what follows we assume supersymmetry be broken around the weak scale for both models under concern. This observation requires all three VEV's be around the weak scale. In particular, −m 2 S >> |m 2 1,2 | is prohibited in both models as otherwise SM-singlet S may acquire a large VEV. In NMSSM, in addition to this, one has to prevent |k s A k | >> |h s A s | as the former one can induce a large VEV for S through the cubic soft term.
Relevant minimum in Z ′ models
We first discuss Z ′ models, and following it we turn to the discussion of NMSSM. In analyzing the Z ′ models the basic quantity of interest is the Z − Z ′ mixing angle (9) which has to be small to satisfy the present phenomenological bounds [2] . An observation on (9) reveals that Z − Z ′ mixing angle θ can be made small either by choosing M Z ′ >> M Z , or by forcing ∆ 2 itself to be small without constraining M Z ′ . While the former one requires SM-singlet VEV be much larger than the doublet VEV's, the latter allows all three VEV's be of the same order of magnitude, as required by the discussions at the end of the last subsection. One can realize small ∆ 2 when the charges of the Higgs doublets under extra U(1) are equal, and Higgs trilinear coupling h s A s is larger than the other mass parameters [2, 3] . We call that minimum of the potential (3) for which h s A s is larger than the other mass parameters as Higgs trilinear coupling driven minimum (HTCDM) from now on. In fact, potential posseses a HTCDM when A s exceeds the critical point
where m 2 = m exists, and passage of the potential from small to large trilinear coupling regime is a first order phase transition, namely, all VEV's are discontinious at A crit s . On the other hand, when m 2 < 0, there is no critical point at all; transition is exclusively second order [2, 3] . However, independent of the sign of m 2 and order of the transition, in the limit of large A s , all VEV's converge the solution 
where λ 1 = λ 2 and λ 1S = λ 2S , because Q 1 = Q 2 , as assumed above when discussing HTCDM. Diagonalization of the CP-even Higgs mass-squared matrix gives the following mass spectrum 
Having matrix R at hand, one can easily compute the coupling strengths of h k to Z i Z j for i, j = 1, 2 and k = 1, 2, 3. In fact, Table III gives a list of these couplings for all possible cases. As one notices this table has important implications for the mechanism of Higgs production through the Higgs-strahlung type processes. First of all, sum of the squared h k Z 1 Z 1 couplings equals the square of the SM H Z Z coupling. Thus, just like MSSM, mixings in the scalar sector result in a reduction of the coupling strength, implying a smaller production cross section than that of the SM. Next, one observes that some couplings vanish. While h 1 and h 3 have only diagonal couplings in the form Z i Z i , h 2 has only Z 1 Z 2 type coupling. Hence, in a transition of the form Z i → h k Z j , if the initial and final vector bosons are identical then only lightest and heaviest Higgs bosons could be radiated off. Unlike this, if vector bosons are not identical, then the radiated scalar can only be next-to-lightest Higgs. This well defined spectrum of the produced scalars may be important in a particular collider search, say LEP2 or NLC. This completes the discussion of the scalar sector of the Z ′ models at the tree level. When we discuss the loop effects we shall reanalyze some quantities derived in this section.
C. Relevant minimum in NMSSM
Having discussed the scalar sector of the Z ′ models, we now start analyzing NMSSM scalar potential (3) in reference to Table I . As mentioned at the beginning of this section, we require supersymmetry be broken around the weak scale, and thus, Higgs VEV's are of the same order of magnitude. Restrictions on Z ′ models do not have any analog in NMSSM, and one is generally free to realize any kind of minimum as long as VEV's do not have too big splittings among them. In fact, all relevant portions of the NMSSM parameter space have already been analyzed in [1] whose results will not be reproduced here. For a comparative and parallel study of the Z ′ models and NMSSM, it would be convenient to discuss the latter one in that portion of the parameter space required by the former as it is severely constrained by the LEP Z-pole data. Thus, differently than [1] , we shall discuss NMSSM also in the limit of large Higgs trilinear coupling. Actually, NMSSM scalar potential (3) would possess a HTCDM provided that |h s A s + k s A k | exceeds the critical valuẽ
where λ = 3h 
which mainly follows h s A s since |k s A k | << |h s A s |. Analysis of the Z ′ models reveals that CP-even Higgs mass-squared matrix is highly sensitive to gauge and Yukawa couplings as can be seen from (14) . In NMSSM, the prescription |k s A k | << |h s A s | implies two distinct cases to be analyzed in detail:
where we named the two cases as NMSSM1 and NMSSM2 for later use. It is convenient to discuss the implications of these two cases seperately.
NMSSM1 :
In this case one can replace k s by h s so that λ ≈ 6h 2 s . Furthermore, neglecting A k in comparison with A s , one obtains
which, when sufficiently exceeded by A s , implies the VEV's
With these VEV's, in the basis (Re[H
T , mass-squared matrix for CP-even scalars turns out to be
the diagonalization of which yields Higgs spectrum with masses
in the increasing order. 
As this diagonalizing matrix shows, the heaviest Higgs gets contributions only from Re[S 0 ], and the lighter Higgs particles get contributions only from the neutral CP-even components of H 1 and H 2 . In this sense doublets and the singlet decouple and produce their Higgs spectra. One recalls that the situation in Z ′ models was different, there it was only the nextto-lightest Higgs that was independent of Re [S 0 ]. This forms a clear distinction between the two models. With R matrix at hand, it is easy to compute the strength of the coupling between a Z line and a CP-even Higgs as already listed in the first column of Table IV . As the table shows only next-to-lightest Higgs is radiated off a Z line, and the lightest and the heaviest Higgs scalars cannot be produced. In this way one concludes that Higgs-strahlung type processes can lead the production of next-to-lightest Higgs only. Moreover, in terms of Z 1 couplings, Z ′ models and NMSSM are complementary to each other. This completes the discussion of the discussion of NMSSM1 in terms of its particle spectrum and implications for Bjorken production of the Higgs particles.
NMSSM2 :
In this case one can replace A k by A s and neglect k s in comparison with h s so that λ ≈ 3h 2 s . Then, in exact similarity with the Z ′ models, one gets
the diagonalization of which yields the particle spectrum 
In comparison with NMSSM1, here one encounters some novel aspects. Though the CP-even Higgs mass-squared matrices (27) and (22) have the same form their dependences on h 2 s are not identical because of the fact k s plays defferent roles in two cases. However, one still expects doublets and the singlet to decouple due to the form of the mass-squared matrix (27). Indeed, as the diagonalizing matrix (29) shows this time it is the next-to-lightest Higgs that is a pure singlet state as opposed to NMSSM1 where the heaviest Higgs was a pure singlet. One notices that since k s << h s , h 1 and h 2 are nearly degenerate in mass. A comparison of the diagonalizing matrices (24) and (29) implies the cyclic interchange h 3 ←→ h 2 , h 2 ←→ h 1 , and h 1 ←→ h 3 . Thus, in NMSSM2 h 2 is a pure singlet, and the heaviest and the lightest Higgs particles get contribution from only the neutral CP-even parts of the Higgs doublets. In this case, Higgs-strahlung type processes support the production of the lightest and the heaviest Higgs scalars only. With the diagonalizing matrix (29), one can compute the couplings of Higgs scalars to a Z line. In fact, the second column of Table  IV indicates these couplings. As we see, only the lightest Higgs h 1 can be produced in a Higgs-strahlung type process in NMSSM2. The heavier Higgs scalars cannot be obtained in such processes.
D. Effects of the radiative corrections
Until now entire discussion has been based on the three-level potential (3) . Of course, at high energies, it is not healthy to base the the discussion on the tree-level potential. Hence, it is necessary the effects of the radiative corrections. Effects of the radiative corrections have been discussed in Z ′ models and NMSSM in [11] and [16] , respectively. It is known that the dominant contributions to radiative corrections come from top and stop loops. To one-loop accuracy the effective potential has the usual Coleman-Weinberg form
where M is the Higgs field dependent mass-matrices of the fields entering the supertrace Str = (−1) 2J (2J + 1)T r. Taking only the dominant stop and top quark contributions, and neglecting the effects of the gauge couplings one finds that, among all only the following parameters get significantly corrected:
where the last two quantities represent the splitting between stops and the scale Q, and top quark mass, respectively. A t is the top trilinear coupling coming from the superpotential (1) or (2), and the other mass parameter A 2 is the sum of the soft mass-squareds of top squarks;
. In deriving these one-loop corrections we assumed m 2Q ∼ m 2 U in accordance with the FCNC constraints [17] , and expanded the stationarity conditions in powers of stop splitting m
. Detailed expressions for stop mass-squared matrix can be found in [11, 16] .
One recalls from the discussions of the tree-level potential that the existence of the Higgs trilinear coupling driven minimum of the potential can be characterized by the threshold value A 
where, following the discussion of CCB minima in MSSM in [18] , we introduced the critical value of A t via the relation
which represents the threshold value of A t for which color and/or charge breaking just starts taking place, for a given µ s = hsvs √ 2
. In these formuale, A s ≥ A crit s and A t ≤ A crit t if the vacuum state under concern is a non-CCB HTCDM. The exact value of δ requires a full specification of the scalar sector of the theory including the squark trilinear mass terms in superpotentials (1) and HTCDM is supported by the radiative corrections. Since the Higgs VEV's are of the same order, satisfying the CDF value of the top-quark requires h t ∼ √ 2, so that effects of the radiative corrections are no way negligable. Moreover, for the reasonable set of parameters, at the tree level. Radiative corrections modify mass matrices of all scalars, in particular that of the CP-even Higgs scalars by addition of the following matrix
which is obtained by assuming St Q ∼ St t , and a small stop splitting. In fact, one can write
t is the natural renormalization scale, this approximation is reasonable. The entries of the tree-level mass matrices (14) of Z ′ models, and (22) and (27) of NMSSM are now modified with the addition of (36). Let us note an important difference between Z ′ models and NMSSM in terms of the behaviour of their mass matrices under radiative corrections. In Z ′ models, (14), whose all elements are non-vanishing, gets non-vanishing contributions to each of its elements through the radiative corrections, preserving its form. On the other hand, in NMSSM, treelevel mass matrices, (22) and (27), have already some of their elements vanishing so that there is no mixing between the doublet and singlet contributions. However, with the addition of the radiative corrections (36), this simple tree-level picture is destroyed, and now singlet and doublet sectors do mix. Even in the limit of small A t , Re[H St t and 0.3St t , respectively. Thus, especially the top quark contribution is important. Although one can analytically obtain the effects of (36) on the mass spectrum and couplings, the results will be agebraically involved; and thus, we will numerically analyze the consequences of radiative corrections in the next section.
III. HIGGS SEARCH VIA BJORKEN PROCESSES
Search for the Higgs particles is one of the most important issues at LEP2 and NLC. Though two-fermion processes are still of interest, the true novelty at high energy e + e − colliders will come from four-fermion processes, among which the s-channel Higgs-strahlung process e + e − → ZH is the most important one for Higgs production. In fact, other processes in which Higgs is formed in W W and ZZ t-channel collisions have smaller cross sections at LEP2 energies, and their interference with the Higgs-strahlung type processes could be avoided by preventing e and ν e from the final products [6] . Above all, we should analyze four-fermion (4f) processes because intermediate state Higgs particles show up as resonances when their mass and the invariant mass flow to that channel coincide. In the much simpler process e + e − → ZH one cannot trigger the multi-Higgs structure of the models under concern as the products in a specific collision process are fixed. With these constraints in mind, we analyze the following four-fermion process
where, depending on the e + e − CM energy √ s, vector bosons and Higgs bosons above may come to the physical shell. Computation of the cross section for 4f processes like this is a highly complicated problem due to the phase space integration [19] , and one mostly resorts to numerical techniques [6] . Despite this, however, we can extract the necessary information about the Higgs structure of the underlying models whitout performing a full calculation if we take the ratio of the differential cross section to that of the SM. Before going into the details of such a calculation it is convenient to describe the properties of Z ′ models due to its complicated Higgs-vector boson sector. For Z ′ models, in HTCDM, Z − Z ′ mixing angle (9) is vahishingly small, and we assume it remains small also when radiative corrections are included. Assuming further Z ′ be leptophobic, it is seen that Z 2 does not contribute to (37), so an analysis of (37) with Z 1 ≡ Z is sufficient.
To calculate the total cross section σ one needs to integrate over the phase space of the final particles, which is not possible by hand [6] . Moreover, in the case of polarized electronpositron beams task will be much more complicated. The amplitude for the scattering process (37) in the models under concern differs from that in the SM by the multitude of Higgs scalars reflecting them in ZZh k and h kf1 f 1 couplings. This observation greatly simplifies the analysis if one integrates over firstf 1 and f 1 phase spaces using the momentum conservation, and identifies the remaining task to be done with that of the SM process. Then ratio of the resulting cross section to that of the SM depends only on the invariant mass p 2 of thef 1 f 1 system:
where R ZZh k are ZZh k couplings, listed in Table III and IV, in units of corresponding SM coupling G/2. Higgs-fermion couplings are parametrized by a, which can be 1 and 2 for down-and up-type fermions, respectively. Furhermore, Γ k and Γ SM designate the total widths of h k and H, respectively. p 2 , invariant mass flowing into the Higgs branch, has the kinematical range of 4m
As p 2 varies in this range I(p 2 ) will be sharply peaked at each m h k , as long as m h k is kinematically accessible. Finally, one notices that I(p 2 ) is independent of the beam polarizations. For the compactness of the presentation, we introduce the dimensionless parameter
H which equals unity when the SM Higgs mass resonance is encountered. In what follows, we take M H equal to the lightest Higgs boson mass in the particular model under concern. In this sense, at x = 1 lightest Higgs resonance occurs. As x gets higher and higher values other Higgs scalars with non-vanishing couplings will be excited in the order of increasing mass. For trilinear Higgs Yukawa coupling h s , we assume h s ≈ G. Actually, h s can be choosen as low as h min s ≈ 0.36 at which the present LEP lower bound of the lightest Higgs mass is exceeded at the tree level. For h s ∼ G, one gets µ s ≈ M Z , which is a reasonable scale. On the other hand, for g Y ′ we assume the usual GUT constraint of
as is necessary for obtaining HTCDM, A k dependence of the masses and the couplings cancel, as was illustrated before. In addition to these, we take |A t | << µ s , so that A t dependence of the radiative corrections to the CP-even Higgs mass-squared matrix (36) can be neglected. Finally, we approximate Γ SM by Γ(H →bb)+Γ(H →cc), and assume all scalars have the same width. This last assumption is falsified especially when the Higgs mass exceeds M Z , but it does not affect the main conclusion of the work because width of a particular resonance is not of central concern. At the final state we take f 1 = b and f 2 = µ, which is a convenient one for detection purposes at LEP2 [6] .
With the above mentioned values of parameters, one calculate all couplings and masses. In fact, tree-and loop-level values of the lightest Higgs mass are tabulated in Table V, for Z ′ models, and NMSSM for both cases in (19) . An analysis of I(x) (38) reveals that it is necessary to have √ s ≥ 350 GeV for all Higgs scalars be excited in both models. This value of √ s is pretty much above the maximum value of 205 GeV aimed at LEP2, and thus one is to wait for NLC operation for the experimental realization of these scalar spectra, if any.
In Fig. 1 we show I(x) for Z ′ models, at √ s = 350 GeV, with and without the radiative corrections. Here dashed curve represents the tree-level analysis, and as expected there is a single resonance curve at x ≈ 2.1 corresponding to the heaviest Higgs whose coupling is given in Table II . In this graph, full curve shows I(x) when radiative corrections are included. Under radiative corrections none of the couplings remains vanishing, and therefore, effects of the scalars which were inert at the tree level show up. In this sense, the first resonance curve at x ≈ 1.2 corresponds to the next-to-lightest Higgs which was absent in the tree-level I(x). That this resonance is much narrower than that of the heaviest Higgs located at x ≈ 2 is caused by the smallness of R Z Z h 2 . Both tree-and loop-level I(x) has a non-negligable value at x = 1 because of the fact that lightest Higgs is observable at the tree-level and has still a large eough coupling at the loop level.
In Fig. 2 we present I(x) for NMSSM1 described in equation (19) . At the tree-level, in accordance with Table IV , only next-to-lightest Higgs is observable as is evidenced by the resonance at x ≈ 1.6. Both dashed and full curves have vanishingly small values at x ≈ 1 due to the fact R Z Z h 1 vanishes at the tree-level, is still small comapred to R Z Z h 2 . When radiative corrections are included place of the next-to-lightest Higgs resonance practically remains the same, and there is a tiny resonance curve at x ∼ 1.83 representing the heaviest Higgs contribution. Such a narrow resonance is caused by the smallness of R Z Z h 3 compared to R Z Z h 2 .
In Fig. 3 depicted is I(x) for NMSSM2. At the tree-level, in accordance with Table IV , only the lightest Higgs observable so that the dashed line I(x) ≈ 0.5 arises. Differently than the models analyzed in Figs.1 and 2 in this model radiative corrections cause important modifications in the spectrum. This is mainly caused by the smallness of the elements of the mass-squared matrix compared to the two cases discussed above which make them more sensitive to the radiative corrections. Consequently, when the radiative corrections are included next-to-lightest Higgs is seen to have dominant couplings compared to others, so that aymptotics of the full curve is wholly determined by h 2 . In fact, I(x) has vanishingly small values at x ≈ 1 and x ≈ 1.4 due to this reason. The resonance curves of h 2 and h 3 are close to each other, narrower than tree-level ones of the previous cases, and located at x ≈ 1.1 and x ≈ 1.3, respectively.
IV. CONCLUSION
In this work we have analyzed Z ′ models and NMSSM in a comparative manner, assuming SUSY and gauge symmetry are broken together around the weak scale. To satisfy the phenomenological constraints we found that Z ′ models must be in a HTCDM, and to preserve the parallelism between the two models we have required NMSSM to be also in the same kind of minimum. We have calculated the cross section for a typical 2 → 4 process in both models taking the corresponding SM cross section as a basis. Couplings and scalar masses in these models are listed in the tables, and cross sections are given in the figures. Both the tree-level pattern of cross sections and their dependence on the radiative corrections enable one to dicriminate between the two models. It is obvious that I(p 2 ) described in the figures is not a directly measurable quantity. However, it is highly useful in distinguishing the two models in terms of the di-fermion invariant mass. Indeed, I(p 2 ) could be a useful tool in MONTE CARLO simulations of these models in the next linear collider [20] . Both the simulation studies (with more sophistcated numerical techniques) and analysis of the experimental data can be guided by the results of this analysis.
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